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The feasibility of cryoballoon ablation for treating parox-
ysmal atrial ﬁbrillation (AF) has been reported. On the other
hand, several complications speciﬁc to ablation using a
cryoballoon may be expected. The prior reports of coronary
spasms during procedures describe some mechanisms of
coronary spasms; however, those mechanisms remain
unknown. We describe a case of recurrent and late-onset
coronary spasms after cryoablation procedure that may
suggest a possible mechanism not only via the cooling effect
on the coronary artery but also via autonomic nervous
imbalance by the affected ganglionated plexi located close
to the pulmonary veins.
Case report
A 73-year-old man with persistent AF was admitted to our
institute for catheter ablation. His persistent AF improved to
paroxysmal AF with antiarrhythmic drugs. The patient did
not have any coronary risk factors and had bronchial asthma,
which was under control with medication. His electrocardio-
gram (ECG) exhibited AF on admission with a moderate
ventricular response of about 75 beats per minute. A
transesophageal echocardiogram revealed no intracardiac
thrombi.
Catheter ablation using a cryoballoon catheter was
performed under moderate sedation with dexmedetomidine.
A single transseptal puncture was performed with a radio-
frequency needle over an 8 F SL-0 sheath, and then the
sheath was exchanged for a Medronic Flexcath Advance LA
15 F sheath guided by a guidewire inserted into the left
atrium. Pulmonary vein (PV) isolation using a 28-mm
second-generation cryoballoon (Medtronic, Inc, Minneapo-
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(http://creativecommons.org/licenses/by-nc-nd/4.0/).right inferior PV, left superior PV (LSPV), and left inferior
PV. Each single cryoballoon application was performed for 3
minutes. A total of 2 cryoenergy applications were delivered
to both the LSPV and the left inferior PV. In the right inferior
PV, a total of 3 cryoenergy applications and 2 additional
cryoenergy applications using an 8-mm-tip cryocatheter
(Freezor MAX; Medtronic) were needed to complete the
PV isolation. Bidirectional linear block of the cavotriscupid
isthmus (CTI) was completed with 4 cryoenergy applications
for 2 minutes each, using an 8-mm-tip cryocatheter. The
whole procedure was performed without any complications.
The 12-lead ECG exhibited normal sinus rhythm without any
ST changes at the end of the procedure.
While the patient was being kept at rest for 2.5 hours after
the ablation procedure, he suddenly developed chest pain,
and the 12-lead ECG showed a striking ST elevation in leads
II, III, aVF, V5, and V6. An intravenous coronary vasodilator
immediately improved his chest pain and ST elevation, as
shown in Figure 1. Further, after the intravenous vasodilator
was stopped 3.5 hours after the procedure, he experienced
chest pain again, as well as ST elevation, as shown in
Figure 2. After the intravenous vasodilator was restarted,
emergent coronary angiography was performed. That coro-
nary angiography revealed no organic coronary stenosis, and
no ST elevation was observed. The 12-lead ECG exhibited
normal ﬁndings the next day. He had no recurrence of angina
pectoris for 10 months after the procedure on nicorandil.
Discussion
We describe a case with recurrent late onset of coronary
spasms after PV isolation using a cryoballoon and CTI block
by a cryocatheter. Electrocardiographic ST elevation and
chest pain repeatedly occurred about 3 hours after the
procedure. The patient did not have any coronary risk
factors, including habitual smoking and beta-blocker agent
use, that might have been associated with coronary spasms.
The coronary spasms during the cryoablation procedure
were thought to be caused by both direct and indirect effects.
Some cases of coronary spasms related to PV isolation by
radiofrequency ablation have been reported that suggestedpen access article under the CC BY-NC-ND license
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KEY TEACHING POINTS
 Coronary spasms can occur during cryoballoon
ablation in spite of there being no coronary risk.
 Late-onset coronary spasm also could occur
repeatedly, which may suggest that its mechanism
is through an imbalance in the autonomic nervous
system via affected ganglionated plexus located
close to pulmonary veins.
 Patients must be monitored not only during the
ablation procedure but also after the procedure.
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possible indirect effect that could induce coronary spasms
through the autonomic nervous system.1,2 A case of near-
fatal left main coronary spasms following a cryoablation
procedure was also reported.3 That report suggested the
possibility of an indirect effect on the coronary artery
because an ST-T change was already observed after starting
the ﬁrst cryoenergy application for the LSPV, which is
somewhat distant from the left main coronary artery.
We also previously reported another case of coronary
artery spasms during a cryothermal cavotriscupid isthmus
ablation and suggested that one of the mechanisms was a
direct cooling effect by the cryoablation on the right
coronary artery located beneath the CTI.4
In this case, the ST elevation did not occur during the CTI
ablation procedure using the cryocatheter; however, ST
elevation occurred 2.5 hours after the entire ablation
procedure had ended. Furthermore, the ST elevation recurred
again after the patient was taken off the vasodilator 3.5 hours
after the procedure. This case reports the late and recurrent
onset of ST elevation with chest pain, which may suggest
that the possible mechanism of the coronary spasm was
attributable not only to the direct effect of the cooling on the
coronary artery but also to the indirect effect of an imbalance
in the autonomic nervous system. Inﬂammation after
a cryoenergy application may induce an imbalance in
the autonomic nervous system. The autonomic change has
been previously reported5–8 as a mechanism of coronary
spasms with a dynamic ﬂuctuation in the vagal activity and
following sympathetic nervous system activity via the
affected ganglionated plexus located close to the pulmonary
veins.
The relationship between a vagal response and ablation
procedures involving the LSPV has been previously
reported, and the incidence of a vagal response during a
cryoballoon ablation is higher than that during radiofre-
quency ablation.9,10 However, in this case the patient did not
have any atrioventricular block or asystole during the
cryoablation procedure of the left PV. We previously
reported11 a reasonable approach during cryoablation target-
ing the right PVs prior to the LSPV to prevent any vagal
response, including asystole, during the ablation of the
LSPV. We also performed the cryoablation of the LSPVfollowing the right PVs to prevent any bradycardia during
the procedure in this case.
The other mechanism was thought to be a direct and/or
indirect effect of cooling on the coronary artery by cryoenergy
application. Coronary spasms may be induced by cold stim-
ulation. According to previous reports,12–14 the sensitivity of the
cold pressor test is reported to be 11%–33% of variant angina.
However, it is unknown whether or not coronary spasms could
be provoked by the speciﬁc cooling effect of the cryoablation.
An air embolism occurring during the procedure could be
one of the causes of ST elevation during a procedure. Care
was taken to prevent an air embolism from occurring during
the cryoballoon ablation procedure. In this case, we did not
ﬁnd any air bubbles in the heart on ﬂuoroscopy with contrast
media. Furthermore, the patient’s chest pain and ST eleva-
tion occurred 3 hours after the procedure, when he was still at
rest in a supine position. We believe that an air embolism as
the cause of the coronary spasms was unlikely in this case.
Dexmedetomidine could be one of the factors affecting
the coronary spasms. Dexmedetomidine has an agonist effect
in central alpha 2–adrenergic receptors, which may pharma-
cologically induce a vasoconstriction; however, the inci-
dence of coronary spasms induced by dexmedetomidine is
rare. We usually use dexmedetomidine for mild sedation
during cryoablation procedures. In this case, we started with
dexmedetomidine 4–6 mg/kg/h for 10 minutes at the begin-
ning of the cryoablation, and then a dose of 0.6 mg/kg/h was
maintained to obtain mild sedation during the procedure. The
patient’s chest pain occurred more than 3 hours after the
dexmedetomidine had been stopped and he had already
awakened from the anesthetic by the end of the procedure.
Because the half-life of dexmedetomidine is 2.39  0.71
hours, the inﬂuence of dexmedetomidine on his coronary
spasms might have been small.
Although there are some mechanisms responsible for induc-
ing coronary spasms, it is also important to recognize the racial
differences in the prevalence of coronary artery spasms. It has
been previously reported that the susceptibility to coronary
spasms is more frequent in Asian countries, and multivessel
spasms are especially more frequent and there is a higher
inducibility of coronary spasms with acetylcholine and ergono-
vine injections than in Western countries.15–18 Further inves-
tigation and a larger investigation of the incidence of coronary
spasms solely during cryoablation procedures may be needed.
We report a case of a late and recurrent onset of ST elevation
associated with chest pain after a cryoballoon ablation proce-
dure. Given the relationship between the time course and
mechanism involving cryolesion tissue injury,19 the inﬂamma-
tion after the cryoenergy application around the ganglionated
plexus may have induced an imbalance of the autonomic
nervous system, which could have been the mechanism of the
coronary spasms after the cryoballoon ablation procedure.Conclusion
This case highlighted that it is possible for coronary spasms
to occur during cryoablation procedures in spite of there
Figure 2 After the intravenous vasodilator was stopped 3.5 hours after the procedure, the patient experienced chest pain again, along with ST elevation. After
the intravenous vasodilator was restarted, his ST elevation and chest pain improved.
Figure 1 The patient suddenly developed chest pain 2.5 hours after the ablation procedure, and the 12-lead electrocardiogram showed a striking ST elevation
in leads II, III, aVF, V5, and V6. An intravenous vasodilator immediately improved his chest pain and ST elevation.
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that were possibly induced by a mechanism involving an
autonomic nervous system imbalance that may have been
affected by the inﬂammation occurring after a cryoenergy
application. In any case, patients should be monitored not
only during the cryoablation procedure, but also after the
procedure.
Acknowledgments
The authors thank Mr John Martin for his help in the preparation
of the manuscript.
References
1. Tada H, Naito S, Oshima S, Taniguchi K. Vasospastic angina shortly after left
atrial catheter ablation for atrial ﬁbrillation. Heart Rhythm 2005;2:867–870.
2. Hishikari K, Kuwahara T, Takahashi A, Isobe M. Severe coronary artery spasm
during radiofrequency ablation for ﬁbrillation. Int J Cardiol 2014;172:e513–e515.
3. Lehrmann H, Potocnik C, Comberg T, Peck W, Salama A, Schneider J, Park CI,
Jadidi AS, Weber R, Arentz T. Near-fatal coronary spasm during cryoablation
pulmonary vein isolation: an unreported complication. Circ Arrhythm Electro-
physiol 2014;7:1273–1274.
4. Miyazaki S, Ichihara N, Takagi T, Iesaka Y. Coronary artery spasm during
cryothermal cavotricuspid isthmus ablation. J Cardiovasc Electrophysiol
2015;03:14. http://dx.doi.org/10.1111/jce.12657.
5. Lanza GA, Pedrotti P, Pasceri V, Lucente M, Crea F, Maseri A. Autonomic
changes associated with spontaneous coronary spasm in patients with variant
angina. J Am Coll Cardiol 1996;28:1249–1256.
6. Sakata K, Yoshida H, Hoshino T, Kurata C. Sympathetic nerve activity in the
spasm-induced coronary artery region is associated with disease activity of
vasospastic angina. J Am Coll Cardiol 1996;28:460–464.
7. Tan BH, Shimizu H, Hiromoto K, Furukawa Y, Ohyanagi M, Iwasaki T. Wavelet
transform analysis of heart rate variability to assess the autonomic changes
associated with spontaneous coronary spasm of variant angina. J Electrocardiol
2003;36:117–124.
8. Saitoh T, Kishida H, Hanashi A, Tsukada Y, Fukuma Y, Sano J, Fukuma N,
Kusama Y, Hayakawa H. Coronary hyperreactivity to adrenergic stimulation andincreased nocturnal vagal tone trigger coronary vasospasm. Jpn Circ J 1998;62:
721–726.
9. Ketels S, Houben R, Van Beeumen K, Tavernier R, Duytschaever M. Incidence,
timing, and characteristics of acute changes in heart rate during ongoing
circumferential pulmonary vein isolation. Europace 2008;10:1406–1414.
10. Oswald H, Klein G, Koenig T, Luesebrink U, Duncker D, Gardiwal A.
Cryoballoon pulmonary vein isolation temporarily modulates the intrinsic cardiac
autonomic nervous system. J Interv Card Electrophysiol 2010;29:57–62.
11. Miyazaki S, Nakamura H, Taniguchi H, Hachiya H, Ichihara N, Takagi T,
Iwasawa J, Kuroi A, Watanabe T, Hirao K, Iesaka Y. Impact of the order of the
targeted pulmonary vein on the vagal response during second-generation
cryoballoon ablation. Heart Rhythm 2016;13:1010–1017.
12. Crea F, Davies G, Chierchia S, Romeo F, Burgiardini R, Kaski JC, Freedman B,
Maseri A. Different susceptibility to myocardial ischemia provoked by hyper-
ventilation and cold pressor test in exertional and variant angina pectoris. Am J
Cardiol 1985;56:18–22.
13. Raizner AE, Chahine RA, Ishimori T, Verani MS, Zacca N, Jamal N, Miller RR,
Luchi RJ. Provocation of coronary artery spasm by the cold pressor test.
Hemodynamic, angiographic and quantitative angiographic observations. Circu-
lation 1980;62:925–932.
14. Kaski JC, Crea F, Meran D, Rodriguez L, Araujo L, Chierchia S, Davies G,
Maseri A. Local coronary supersensitivity to diverse vasconstrictive stimuli in
patients with variant angina. Circulation 1986;74:1255–1256.
15. Bertrand ME, LaBlanche JM, Tilmant PY, Thieuleux FA, Delforge MR, Carre
AG, Asseman P, Berzin B, Libersa C, Laurent JM. Frequency of provoked
coronary arterial spasm in 1089 consecutive patients undergoing coronary
arteriography. Circulation 1982;65:1299–1306.
16. Sueda S, Kohno H, Fukuda H, Ochi N, Kawada H, Hayashi Y, Uraoka T.
Frequency of provoked coronary spasms in patients undergoing coronary
arteriography using a spasm provocation test via intracoronary administration
of ergonovine. Angiology 2004;55:403–411.
17. Sueda S, Ochi N, Kawada H, Matsuda S, Hayashi Y, Tsuruoka T, Uraoka T.
Frequency of provoked coronary vasospasm in patients undergoing coronary
arteriography with spasm provocation test of acetylcholine. Am J Cardiol
1999;83:1186–1190.
18. Takagi Y, Yasuda S, Takahashi J, et al; Japanese Coronary Spasm Association.
Clinical implication of provocation tests for coronary artery spasm: safety,
arrhythmic complications, and prognostic impact: multicenter registry study of
the Japanese Coronary Spasm Association. Eur Heart J 2013;34:258–267.
19. Avitall B, Kalinski A. Cryotherapy of cardiac arrhythmia: from basic science to
the bedside. Heart Rhythm 2015;12:2195–2203.
